Objectives: Accurate early diagnosis of dementia has important implications for prognosis, treatment, and management. In hospital settings, neuropsychological assessment is frequently included in the diagnostic work-up for dementia, particularly in clinically ambiguous cases. However, the diagnostic contributions of neuropsychological testing in this population are not well established. This paper reports the findings from a preliminary study examining the diagnostic utility of such assessment in patients with suspected dementia.
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Background
Dementia Diagnosis
Traditionally, dementia was conceptualised as a global impairment in intellectual function [2] . In more recent years, however, distinct dementia profiles have been identified which reflect the differential distribution of degenerative changes within the brain and, by extension, the underlying pathology. Accuracy of dementia diagnosis has been aided by the development of specific clinical criteria and guidelines. The most commonly used criteria for diagnosing Alzheimer's disease (AD) were developed by the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Re lated Disorders Association (NINCDSADRDA) [3] , with a recommended revision in 2011 [4] . It has been reported that the NINCDSADRDA criteria provide a sensitivity of 81% and a specificity of 70% for a diagnosis of probable AD [5] . Diagnostic criteria have also been developed for frontotemporal dementia (FTD) [6] , Lewy body dementia [7] , dementia due to Parkinson's disease [8] , and vascular dementia [9] . New consensus criteria for variants of FTD [10] and the progressive aphasias [11] have also been identified. Though, these criteria will need to be refined as additional information regarding diseasespecific pathophysiological changes becomes available.
A number of neuroimaging techniques and biomarker studies have been developed to aid the diagnosis of dementia, particularly AD. These techniques include magnetic resonance imaging (MRI), computed tomography (CT), flurodeoxyglucose positron emission tomography (FDG PET), Pittsburgh compound B (PiB) PET [12] , single photon emission computed tomography (SPECT) [13] , and biomarkers such as concentration of amyloid-β and phosphorylated tau (pTau) protein in the cerebrospinal fluid (CSF) or serum [14] [see 15 for a review]. Nevertheless, while there has been significant progress in the development of diagnostic investigations for dementia, early neurodegenerative changes are not necessarily evident on imaging studies [16, 17] and, at this stage, the capacity for biomarkers to discriminate different types of dementia is less than remarkable. Additionally, in vivo measures such as CSF and serum amyloid, CSF pTau, and PET studies are not performed routinely in hospital settings. To this end, neurologists, psychiatrists, and geriatricians typically rely on a combination of clinical interviews, physical examinations, laboratory tests, neuroimaging (CT, MRI, SPECT) studies, and neuropsychological assessments as part of the diagnostic workup [18, 19] .
In terms of diagnostic accuracy of neuropsychological assessment, one German study [20] compared the sensitivity and specificity of cognitive testing and MRI relative to a clinical diagnosis of vascular dementia, no dementia, or other neurodegenerative condition. Neuropsychological assessment demonstrated high levels of sensitivity and specificity in identifying people with no dementia (98%), while MRI had similar sensitivity and specificity in identifying any neurodegenerative condition.
Snowden and colleagues [21] evaluated diagnostic accuracy in a sample of 228 patients referred to a specialist earlyonset dementia clinic. Diagnosis was determined based on structured clinical history, neurological examination, and abbreviated neuropsychological assessment, supported by neuroimaging. Diagnostic confirmation was obtained through postmortem examination of brain tissue. Within the sample, 42% had a clinical diagnosis of one of the three syndromes of frontotemporal lobar degeneration (FTLD) while 46% of patients were clinically diagnosed with AD. The remaining 12 cases were diagnosed with Lewy body disease, CreutzfeldtJakob disease, vascular and unclassified dementia. Using a diagnostic algorithm, FTLD was identified with 100% sensitivity and 97% specificity, and AD with 97% sensitivity and 100% specificity. However, the study focused on differentiating AD and FTLD in patients with earlyonset dementia. Thus, the sample was not necessarily representative of the clients who typically present in a hospital outpatient clinic.
In other research, Geroldi and colleagues [22] investigated the diagnostic value of structural neuroimaging (CT or MRI) and neuropsychological testing in routine dementia assessments across nine Italian expert centres (e.g., memory clinic, scientific institute). General practitioners and community health providers correctly recognised AD in a modest 12% of cases and nonAD in 5% of cases. The addition of an imaging study or neuropsychological assessment improved accuracy to 50% for AD and 22% for nonAD. After subsequent review in an expert centre with an imaging study and/or neuropsychological assessment, accuracy rates increased to 99% for AD cases and 83% for nonAD cases. The authors highlighted the incremental value of structural imaging and neuropsychological testing in the routine clinical assessment of dementia. Nevertheless, diagnostic statistics for neuropsychological assessment and neuroimaging were not reported separately in this study. Moreover, there is a paucity of research investigating the specific contribution of comprehensive neuropsychological assessment in dementia diagnosis in clinical settings.
Neuropsychological Assessment
Neuropsychological assessment involves the synthesis of information from clinical interviews, review of the medical history, behavioural observations, and administration of standardised, validated psychometric instruments. Neuropsychological tests target a range of cognitive domains, including attention, memory, language, processing speed, motor skills, visuospatial/constructional abilities, general intellectual abilities, and executive functioning. Test scores for an individual are contextualised relative to a normative reference group, taking into account personal characteristics such as age, level of education, and estimated premorbid abilities [23] . By examining the pattern of performance across tests, in conjunction with the relevant history and behavioural observations, neuropsychologists can help to specify the diagnosis, level of severity, and prognosis. Inclusion of a neuropsychological assessment as part of a comprehensive investigation purportedly improves diagnostic accuracy in dementia patients over and above routine clinical evaluation [22] .
There are many studies demonstrating the effectiveness of specific neuropsychological tests in distinguishing between groups of cognitively normal and cognitively impaired adults [24, 25] , MCI from AD [e.g., 25, 26] , and groups of patients with specific neurological conditions [e.g., 27, 28, 29] . One study [30] , for example, found that the seven subtests of the Neuropsychological Assessment Battery achieved a high level of accuracy in detecting AD. Another study by Wolfsgruber et al. [31] investigated the diagnostic accuracy of the Consortium to Establish a Registry for Alzheimer's Disease Neuropsychological Battery (CERADNP). The CERADNP Total Score was found to be an efficacious diagnostic tool for detecting AD, both in crosssectional terms and in the prediction of incident AD.
While specific neurocognitive profiles have been identified for the dementia syndromes, in a recent review, Karantzoulis and Galvin [32] have acknowledged that there is substantial symptom overlap between disorders. Conversely, in the presence of a common underlying aetiology, there can be considerable variability in individual symptom and neurocognitive profiles. There can also be significant overlap between two or more comorbid pathologies, such as AD with vascular changes [33, 34] or AD with Lewy bodies [35, 36] , which further complicates the diagnostic process. As a result, resolving diagnostic questions in dementia populations can be difficult.
The literature is replete with studies examining the utility of specific cognitive tests in differentiating normal ageing from dementia, or characterising the cognitive profiles of various diagnostic groups. The efficacy of these instruments in detecting group differences has led to an assumption that the same tests are effective at diagnosing individuals with those conditions. A level of caution should be exercised, however, in assuming that statistically significant differences between known groups on a given cognitive test reflect the same degree of diagnostic power at an individual level [37] . Moreover, neurodegenerative conditions have been increasingly defined by profiles of impaired performance on neuropsychological assessments, and this has led to a form of diagnostic circularity [38] .
In summary, neuropsychological assessments are rou tinely employed in hospital settings to help establish or clarify a diagnosis of suspected dementia. To date, how ever, the diagnostic contribution of neuropsychological assessment in a representative sample of hospital patients has not been clearly delineated. Ideally, studies investigat ing diagnostic accuracy in this population should involve prospective research designs, randomised control trial methodology, large patient samples, and diagnostic confir mation by autopsy. These methods are, however, less than practical when working in applied settings.
An alternative method of data evaluation commonly employed in healthcare disciplines such as epidemiology, medical education, clinical research, and quality assessment involves the retrospective review of medical records. Although the limitations associated with this method are well described [39] , chart reviews provide ease of access to information, are relatively low in cost to perform, and offer a practical means to inform future prospective studies [40, 41] . Using this approach, the current study aimed to examine the utility of neuropsychological assessment in patients with suspected dementia through measuring agreement between the diagnostic opinions of the neuropsychologist and medical treatment provider.
Methods
Case Selection and Procedure
A review of medical records was performed for a sample of outpatients of The Prince Charles Hospital, Brisbane, Aus tralia, who were referred for neuropsychological assess ments between 2009 and 2013, inclusive. All patients were referred for assessment by a geriatrician (n = 64), geriatrics registrar (n = 13), neurologist (n = 4), general medical phy sician (n = 2), or psychiatrist (n = 1) internal to the hospital. The group of referrers comprised 8 geriatricians, 10 geri atrics registrars, 3 neurologists, 2 general physicians, and 1 psychiatrist. Inclusion was limited to patients who were followedup by the referring service for a minimum of 12 months postneuropsychological assessment to allow suf ficient time for diagnostic revision if warranted. Patients who were followed up in services external to the hospi tal were excluded from the sample due to constraints on health information access.
Of 163 cases identified initially, 60 patients received less than 12 months of followup while an additional 19 patients were followedup in private facilities. These cases were ex cluded. The final sample comprised 84 patients; 44 males aged 56 to 86 years (M = 69.64, SD = 7.49) and 40 females aged 43 to 84 years (M = 67.38, SD = 10.21). All patients were fluent in English. The duration of patient followup in the referring medical service ranged from one to nine years (M = 2.98, SD = 1.69) and patients attended an average of 5.01 followup medical appointments (SD = 3.27, range = 1 -17).
For 73 patients (87%), at least one neuroimaging study (CT, MRI, SPECT) was performed some time during their care, and 64 patients (76%) underwent neuroimaging prior to the baseline neuropsychological assessment (CT n = 17, MRI n = 6, SPECT n = 19, multiple studies n = 22). Due to historic electronic access restrictions, radiology reports were only accessible by the neuropsychologist prior to the baseline assessment in 46 cases (55% of the sample).
In accordance with standard clinical practice, the di agnostic opinions of the neuropsychologists drew on the available health status information at the time of assess ARC Publishing ment (i.e., presenting signs and symptoms, personal and family history, medical examination results, behavioural observations, performance on neuropsychological test re sults and, where available, neuroimaging reports). For the purposes of diagnostic clarification or progress review, 20 patients were subsequently referred for a followup neu ropsychological assessment (24%; range = 1 -4 reviews).
A review of the neuropsychological reports revealed very limited variability in the test batteries administered, and all assessments specifically measured orientation, audi tory and visual attention, verbal working memory, recep tive and expressive language, verbal and visual memory, visuospatial/constructional abilities, praxis, cognitive and psychomotor processing speed, and executive functioning (i.e., mental flexibility, verbal generation, abstract reason ing, and inhibition of an overlearned response). Over the designated fiveyear period for chart review, eight neu ropsychologists were involved in performing the assess ments due to staffing changes.
Data Coding
For each case, a diagnostic opinion was obtained from the "Summary and Conclusions" section of the neuropsychol ogy report. At the time of data coding, the researcher was blind to the most recent working diagnosis of the medical treatment provider documented in the medical record. In a randomly selected subsample of 20 cases, two clinicians coded the reports independently, and agreement on the diagnosis emerged in all cases. In three additional cases from the larger sample (n = 84), diagnostic consensus was reached through further case discussion. The medical re cord for each patient was then reviewed separately from the neuropsychology report (i.e., in the absence of the neu ropsychologist's diagnosis).
Cases were coded as a "match" or "mismatch" between the neuropsychology diagnosis and the current diagnosis of the treatment provider. For the purposes of compari son, two coding processes were undertaken. The first coding process aimed to take into account the diagnostic complexity that arises from: (1) the difference between a clinical diagnosis and underlying pathology (e.g., MCI aris ing from Alzheimer's disease versus vascular ischaemia); (2) the high prevalence of comorbid pathologies in this population (e.g., mixed Alzheimer's and vascular); (3) un certainty about a specific diagnosis early in the disease pro cess; and (4) the significant overlap in symptom profiles (refer to Table 1 for the coding criteria). For the second coding process, cases were only considered a match where the diagnosis of the neuropsychologist was identical to that of the treatment provider.
Results
From the baseline neuropsychological assessment report (n = 84), the most frequent diagnosis was AD (n = 20), fol lowed by MCI (n = 19), vascular dementia (n = 8), mixed Alzheimer's and vascular (n = 6), Lewy body dementia (n = 5), frontal variant frontotemporal dementia (fvFTD; n = 3), progressive nonfluent aphasia (n = 3), posterior corti cal atrophy (n = 3), logopenic progressive aphasia (n = 2), semantic dementia (n = 1), and progressive supranuclear palsy (n = 1). The remaining neuropsychological reports proposed two differential diagnoses (e.g., Alzheimer's disease versus frontotemporal dementia; n = 3), multiple aetiologies (n = 4), a primary diagnosis of a psychological disorder (n = 3), or a finding of "no dementia" in cases with a previous working diagnosis of dementia (n = 3).
Applying the coding criteria detailed in Table 1 , the di agnosis of the neuropsychologist at the time of the baseline assessment concurred with the most recent diagnosis of the treatment provider in 74 cases (88%). No significant difference in diagnostic agreement emerged for patients with (n = 46) and without (n = 38) an imaging report pri or to the neuropsychological assessment, z = 0.6, p > .05. With regard to followup, 20 patients completed serial neuropsychological assessments for the purposes of diag nostic clarification. A diagnostic revision was only recom mended in three of these cases (15%; or 4% of the full sam ple). Furthermore, diagnostic agreement did not improve when the most recent assessment time points for all pa tients were examined, taking into account the 20 patients who received repeat assessment (i.e., agreement in 75 cases [89%]; z = 0.9, p > .05). Refer to Figure 1 .
In terms of exact matches, the diagnosis of the neu ropsychologist at baseline concurred with the most re cent medical diagnosis in 65 of the 84 cases reviewed (77%). Again, there was no statistical difference in diag nostic agreement for patients with (n = 46) and without (n = 38) an available imaging report prior to the baseline neuropsychological assessment, z = 1.6, p > .05. Of the 19 mismatched cases, nine were attributable to one versus two differentials, but where one differential matched (e.g., AD or FTD versus AD); three were discrepant between clinical diagnosis and pathology (MCI versus AD); and the remaining eight were different pathologies (e.g., AD ver sus FTD, Lewy body versus Multiple Systems Atrophy). When data pertaining to the most recent assessments for all patients were examined, no significant improvement in diagnostic agreement emerged (81%; z = 0.6, p > .05).
Discussion
This study investigated the diagnostic contribution of neu ropsychological assessment in patients with suspected de mentia. From a review of 84 cases, there was a high level of agreement between the diagnostic opinion of the neu ropsychologist at baseline and the most recent diagnosis of the medical treatment provider, independent of wheth er or not the neuropsychologist had access to an existing neuroimaging study prior to the assessment. For diagnostic clarification, 20 patients were later rereferred for a neuro psychological review, although no improvement in diagnos tic agreement was found in this sample for patients who re ceived serial assessments. A range of factors could account for this finding including the limited sample size, and increased case complexity and ambiguity. Only the most diagnostical ly challenging cases were referred for a reassessment. The treatment provider may therefore have been more inclined to adopt the diagnosis of the neuropsychologist due to com plexity and ambiguity in these cases. Nevertheless, the find ings suggest that neuropsychological assessment contributes to distinguishing between neurocognitive disorders in older adults with a relatively high level of accuracy.
In addition to informing diagnosis, neuropsycholog ical findings can influence treatment decisions, either by diagnostic implication or by recommending management strategies. A further benefit of neuropsychological testing is the opportunity to identify areas of residual strength to inform therapeutic interventions and maximise patients' everyday functioning [42] . A number of the neuropsy chology reports reviewed in this study provided specific recommendations for additional medical investigations (e.g., sleep studies, genetic screening, psychiatry reviews), community support services (e.g., dementia support groups, respite services), lifestyle and safety considera tions (e.g., impact on functional abilities, implications for driving), psychological interventions (e.g., treatment for depression and anxiety disorders), and/or inclusion in a clinical research trial. Neuropsychological assessment also remains the preferred method to evaluate dementia treat ment response, and predict functional potential/recovery [43] . Furthermore, neuropsychological findings can have legal implications for guardianship and other matters of decisionmaking capacity [44] . This holistic approach to the care of older adults ensures that patients are informed about, and given access to, the most appropriate assess ment, treatment, and management options available at any given time point.
Cautions and Limitations
While the current findings provide useful information regarding the utility of neuropsychological assessment of dementia, the study was based on a retrospective review of medical records, and several cautions are warranted in light of recognised limitations in the methodology. Spe cific issues, for example, relate to sampling methods, in terrater reliability, blind coding, inclusion and exclusion criteria, and data extraction methods. The current study relied on a singlecentre, convenience sample of patients and the clinicians who coded the data were not blind to the purpose of the study. Blinding of raters can represent a sig nificant barrier to the validity of diagnostic accuracy stud ies in dementia. However, unlike research settings where a number of personnel may be available to undertake sep arate aspects of data collection and analysis, blinding pro cedures can be challenging to implement in a small clinical team working in an applied outpatient setting. Although a number of measures were taken to standardise the data coding and extraction procedures during the pilot phase, further research is needed using prospective designs and blind coding processes. A second limitation pertains to the limited sample size relative to the subset of neurodegenerative conditions captured, resulting in minimum cell sizes for several diagnostic entities (e.g., Lewy body dementia, posterior cortical atrophy, semantic dementia). These factors could obscure interpretation of the results and limit the detection of improved or reduced diagnostic agreement based on factors such as base rates and case complexity. Other neurological disorders that are characterised by cognitive decline such as corticobasal degeneration, multiple systems atrophy, and prion diseases (e.g., Creutzfeldt Jakob Disease; CJD) have lower prevalence rates in the general population [45, 46] but continue to pose a diagnostic challenge. Further research is therefore needed to examine the diagnostic contribution of neuropsychological assessment in these patient groups for which our own data were limited.
A third caution concerns the secondary data coding criteria. The primary standard for diagnostic agreement in this study was an exact match between the diagnostic opinion of the neuropsychologist and that of the treatment provider. A second coding process was undertaken, however, to allow for the diagnostic complexities that arise in this population. Such complexities include the high prevalence of comorbid pathologies (i.e., Alzheimer's and vascular), diagnostic uncertainty early in the disease process, the significant overlap in symptom profiles, and the distinction between a clinical diagnosis and underlying pathology (e.g., MCI and Alzheimer's disease). While this approach to data analysis may be reasonable from a clinical perspective, an artificially inflated level of agreement with regard to the secondary coding process cannot be excluded, and those specific results should be interpreted with caution.
Finally, while diagnostic accuracy in this study was operationalised as agreement between neuropsychology and treating medical consultant opinion, the "gold standard" for diagnostic confirmation of dementia involves prospective research design with postmortem examination of brain tissue. Thus, efforts should be made to obtain data linked to neuropathological confirmation of diagnoses. In vivo measures such as CSF and serum amyloid, CSF pTau, and PET imaging also provide valuable diagnostic information. These investigative methods were well beyond the scope of the present work, which was conducted in an allied health clinical setting where advanced imaging and biomarker studies were not available. Given this, these findings can only be considered preliminary but have practical value in informing future prospective studies in diagnostic accuracy.
Conclusions
The current findings provide evidence of the significant contribution that neuropsychological assessment makes in the diagnosis of dementia in an applied setting, helping to distinguish different underlying pathologies when chang es may not be evident on neuroimaging studies [16, 17] . A high level of agreement emerged between the diagnostic opinion of the neuropsychologist and the most recent di agnosis of the medical treatment provider, independent of neuroimaging evidence. Although retrospective methods of evaluating diagnostic accuracy, as used here, have inherent limitations, clinical investigations in this realm should con tinue in an effort to evaluate and improve clinical practice.
Methods of optimising diagnostic accuracy, including neurocognitive testing, will play an increasingly critical role into the future by assisting clinicians, policymakers, and patients to make informed decisions about healthcare. Additionally, with the advent of ligands to detect beta am yloid on PET imaging, individuals will be informed that that they are at heightened risk of experiencing degener ative changes in the future. Detection of such changes in the brain raises the question of functional impact in every day life, a construct that is well informed by neuropsycho logical assessment. Furthermore, as cortical degeneration has been identified postmortem in individuals with no discernible evidence of cognitive impairment during life, there will be an increased need to perform neuropsycho logical assessment following diagnostic imaging [43] .
Further refinement of standardised neuropsycholog ical assessment tools will aim to contribute to improved diagnostic accuracy, and have important implications for the treatment and management of patients with cognitive disturbances. Neuropsychological testing provides infor mation that cannot be obtained through other modalities regarding specific abilities, motivation, and potential for future outcomes. Even with advances in imaging technol ogy, it is therefore likely that neuropsychological assess ment will continue to play a pivotal role in the diagnosis and management of dementia. 
